Abstract-Evaluation of water reuse options is also one of the applications of multi-criteria decision-making (MCDM) problems. In this paper, we refer to a new method for selecting the best water reuse option in the available options by using picture fuzzy MCDM.
I. INTRODUCTION
Reuse of water refers to the treatment and rehabilitation of non-traditional or deteriorated water for beneficial purposes [10] . Water reuse is synonymous with using reclaimed water, which can provide an option to reduce water scarcity, especially under the new reality of climate change and the increase in human activities. Water reuse has become widespread all over the world to solve the depletion of water resources, leading to the reduced water supply. Evaluation of water reuse applications is a weight replacement process and the most appropriate selection of water reuse applications. From this, the assessment involves analyzing many criteria with social, technical, economic, political, environmental and technical aspects to ensure sustainable decision making [21] . The challenge with water reuse application evaluation (WRAE) is that alternatives are diverse in nature, and often have conflicting criteria. The fuzzy set theory [20] is a very effective method for solving such contradictory and uncertain problems.
Fuzzy set theory was introduced in 1965 by L. A. Zadeh. Immediately, it became a useful method to study the problems of imprecision and uncertainty. Since then, a lot of new theories treating imprecision and uncertainty have been introduced. For instance, intuitionistic fuzzy set was introduced in 1986, which is a generalization of the notion of a fuzzy set. While fuzzy set gives the degree of membership of an element in a given set, intuitionistic fuzzy set gives a degree of membership and a degree of non-membership. Picture fuzzy set [4] is an extension of the crisp set, fuzzy set and intuitionistic set. A picture fuzzy set has three memberships: a degree of positive membership, a degree of negative membership, and a degree of neutral membership of an element in this set. This approach is widely used by researchers in both theory and application. Dinh et al. investigate the distance and dissimilarity measure on picture fuzzy set and apply it in pattern recognition [13] . Hoa and Thong (2017) improved fuzzy clustering algorithms using picture fuzzy sets and applications for geographic data clustering [11] . Son [7, 8] given an application of picture fuzzy set in the problems of clustering. Dinh et al. introduced the picture fuzzy database and some examples on picture fuzzy database [12] .
We often use decision-making methods because of the uncertainty and complexity of the nature of decisionmaking. By the MCDM methods, we can determine the best alternative from multiple alternatives with respect to some criteria. In recent times, the choice of suppliers has increasingly played an important role in both academia and industry. Therefore, there are many MCDM techniques developed for the supplier selection supplier selection [2, 3, 5, 9, 19, 22] . However, the above methods are limited to use in set theory. Therefore, it is difficult to encounter problems of uncertain or incomplete data. There are some authors who have proposed MCDM methods using fuzzy set theory or intuitionistic fuzzy set for the supplier selection [4, 6, 9, 14 ,16, 17, 18,21] .
With the considered criteria for water reuse options, there are usually three levels. For example, the public acceptability attribute has three levels: agreement, disagreement, and neutrality; freshwater saving has also three levels: low, middle, and high. Therefore, we use the multi criteria decision making method based on picture fuzzy set to select the best alternative in evaluating water reuse applications. The rest of paper is organized as follows: section 2, we recall the concept of picture fuzzy set and some operators of two picture fuzzy sets. In section 3, we propose a new MCDM method using the similarity measure of picture fuzzy sets. Finally, we apply the proposed method for evaluating water reuse application in section 4.
In this section, we recall the definition of picture fuzzy sets and dissimilarity measure of them. After that, we introduce a new dissimilarity measure of picture fuzzy sets.
A. Picture fuzzy sets
Here we recall the concept of picture fuzzy sets.
Definition 1 [4] . Let U be a universal set. A Picture 
The family of all picture fuzzy set in U is denoted by () 
B. Dissimilarity measure of picture fuzzy sets
In this section, we recall concept of dissimilarity measure for picture fuzzy sets. 
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The proposed method is presented with these following steps.
Step 1. Normalization the decision matrix
In this step, we construct the picture fuzzy decision making matrix. ,, 
Step 2. Determine the weight of each criteria
We determine the weight 
Step 3. Determine the perfect choice
In this section, we determine the perfect choice. Here, we pay attention to the benefit criteria and cost criteria. Usually, with the perfect choices we can take the picture fuzzy number (1,0,0) for the benefit criteria and (0,0,1) for the cost criteria. Note that (1, In this section, we use our method proposed in section 3 for evaluating water reuse application. Data is taken from reference Pan et al [15] . This data is summarized as follows ( Table 1, Table 2 ):
 Framework: The proposed has been applied to the City of Penticton (CoP), British Columbia (BC), Canada. The municipal water is used for residential, commercial, institutional and industrial sectors. The wastewater generated is collected and treated by the an advanced wastewater treatment plant by using biological nutrient removed technology. The treated water is partially reused and the remaining is discharged to a lake. A : drinking water (DW). Now, we present the process of our method for this evaluating water reuse applications.

Step 1. Normalization the decision matrix.
From the Eq. (10), we obtain the normalization decision matrix (Table 3) .
Step 2. Determine the weight of criteria
The weight of criteria j C is j  = 0.2 for all = 1,2, … ,5.
Step 3. Determine the perfect choice
The perfect choice is
( (1), (2), (3), (4), (5)) Table 4 .
Step 5. Ranking the alternatives
We use Eq.(11) to rank the alternatives based on the dissimilarity measure of the each alternative and the perfect choice (Table 4) .  we dismiss the public acceptability criteria. These present in Table 5 . Finally, we also recall the results cited in Pan et al. 2018 in Table 6 . Table 5 . Ranking of alternatives with dissimilarity and weights 
